C handonanthus hirtellus ssp. giganteus, Plagiochila asplenioides, Liverworts, Biflavone, G ym nom itrenol A biflavone was isolated from a liverw ort ( C handonanthus hirtellus ssp. giganteus) for the first time. Its stru ctu re was d eterm in ed as dicranolom in. M oreover luteolin and the new com pound vanillic acid-4-O -neohesperidoside were identified from this C handonanthus sp e cies. From Plagiochila asplenioides we isolated the new sesquiterpenoid (-)-gym nom itr-8(12)-en-9/3-ol with chair conform ation of the cyclohexane ring to g eth er with plagiochiline P and the d iterpen o id anadensin, both new to this liverwort.
Introduction
The leafy liverw ort genus C handonanthus b e longs to the fam ily Lophoziaceae. A fte r the sepa ration of Tetralophozia (Schust.) Schljakov the ge nus is com posed of less th an 10 species (Schuster, 1983) , according to Schuster (1969) "chiefly an tip odal in ran g e" . A lthough the chem istry of L o p h o ziaceae is com paratively well know n (A sakaw a, 1995), secondary products have so far been iso lated from only one Chandonanthus-species, C. hirtellus ssp. hirtellus, widely distributed in paleotropic regions (Väna, 1993) . This species produces various «-alkanes, sesquiterpenes and the cembrane-type d iterp en e ch an d o n an th o n e (A sakaw a, 1995; A sakaw a et al., 1991; M atsuo et al., 1986) . C handonanthus hirtellus ssp. giganteus only occurs in central A frican m ountains (V anden B erghen, 1965; Väna, 1993) . 2D -TLC -surveys of its m ethanolic extract p ro m p ted us to u n d ertak e a detailed phytochem ical investigation for chem otaxonom ic reasons.
In contrast, the liverw ort Plagiochila aspleni oides was the object of several phytochem ical studies since m ore than 2 0 years yielding a wide R eprint requests to R. Mues. Fax: + 4 9 -6 8 1 -3 0 2 -2 5 8 9 . E-mail: R.M ues@ Rz.uni-sb.de * Publication No. 130 from the ..A rbeitskreis C hem ie und Biologie d er M oose" , U n iversität des Saarlandes, S aarbrücken. F.R.G.
array of secondary products (A sakaw a, 1995) . In the course of a fu rth er investigation in our lab o ra tory we isolated th ree m inor com pounds, so far not reported from this species.
R esults and D iscussion
Chandonanthus hirtellus ssp. giganteus C hrom atographic separation of the 80% aq. M eO H extract yielded three phenolic com pounds in sufficient am ounts to allow structure elucida tion. A p art from luteolin (1) we found an o th er flavonoid com pound (2). The analysis of its spectro scopic data (see Experim ental) confirm ed th at 2 was identical with dicranolom in (2 ',6 " -biluteolin), a biflavone first isolated from the moss Dicranolom a robustum and so far being unique for mosses (M arkham et al., 1988; G eiger et al., 1997) . This is the first report of a biflavone from a liverw ort and quite surprising because am ong bryophytes biflavonoids have so far been considered to be chem o taxonom ic m arkers for mosses only. A n account on the occurrence of moss biflavonoids was re cently published (G eiger et al., 1997) .
The m ore polar com pound 3 afforded N M Rspectroscopic data (Table I ) typical for a glycosy lated phenolic acid with a 1,3,4-trisubstitution of the arom atic ring according to the shift and cou pling p attern of H-2, H-5, and H -6 respectively. In addition, a m ethoxyl group was visible at 3.75 ppm. A carboxylic function could be derived from the signal at 168.9 ppm in the 13C N M R 0939-5075/99/0100-0006 $ 06.00 © 1999 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com • D 
Plagiochila asplenioides

COOH
The lipophilic extract yielded, ap a rt from known com pounds (A sakaw a, 1995), the seco-arom adendrane-type sesquiterpenoid plagiochiline P (4) (Valcic et al., 1997) and the d iterpenoid anadensin (5) (H uneck et al., 1983) . T heir spectroscopical data w ere in agreem ent with published ones. These two terpenoids are new to P. asplenioides.
In addition we found an o th er sesquiterpenoid (6 ) with [M +H ]+ at m /z 221 (C I5 H 2 4 0 ) . Together with the N M R spectra we assum ed a tricyclic m olecule with an exom ethylene (6 H 4.98 and 4.77 ppm ; 6 C 107 ppm ), a hydroxyl (6 H 4.53 ppm; 6 C 68.3 ppm ) and th ree m ethyl groups (6 H 102, 0.88 and 0.86 ppm; 6 C 27.7, 24.1 and 23.2 ppm ). The analysis of the H -H C O SY spectrum revealed two sets of sequences. The first sequence com prised the protons of the exom ethylene group (H 2-12), the oxygenated m ethine pro to n e (H-9; allylic coupling to H 2-12 n o t visible in the 'H N M R spectrum ), a m ethylene group (H 2 -10, vicinal to H-9), an o th er m ethylene group (H 2 -l l ; not vicinal to H 2 -10; only 4J coupling betw een H -l l a and H10a), and finally an allylic ( 6 2.32 ppm ) m ethine p roton (H -7) which was vicinal to H 2-l l (Schem e 1; for coupling constants see Table II ). The second sequence only consisted of the rem ain ing m ethylenes (H 2 -3, H 2 -4. H 2 -5) which w ere cou pled only am ong them selves. Using fu rth er 2D N M R spectra (C-H and long-range C-H C O SY )
we w ere able to assign all signals (Table II) and to identify 6 as gymnomitr-8(12)-en-9-ol. T he gymnom itrane skeleton is unique for liverworts. So far (+)-gym nom itr-8(12)-9a-ol (7) was rep o rted from the liverwort Reboulia hemisphaerica (M orais etal., 1988; M orais, 1990 ). However, 6 exhibited quite different N M R data than 7. A dditionally 6 was characterized by a negative optical ro tatio n value. Thus 6 and 7 should be different in th eir ste re o chemistry. Irradiation experim ents (N O E S Y ) of 6 show ed that saturation of H-9 (Ö 4.53 ppm ) e n hanced the signals of two protons ( 6 1.85 and 1.70 ppm ) belonging to the m ethylene group at C-3 and C-5, respectively, which were assigned to be H -3a and H -5a. Additionally, a weak e n h an ce m ent of the proton at Ö 2.22 ppm (H -10a) was also observed. Studying the respective N O E results of 7 (M orais et al., 1988; Morais, 1990) , irradiation of H-9 raised the resonance of H -l lß and H-7. These N M R experim ents proved that the cyclohexane ring of 6 was in the chair form, w hereas the boat form was present in 7 (Fig. 1) . Thus 6 could be elucidated as (-)-gym nom itr-8(12)-en-9ß-ol (re la tive stereochem istry), a diastereom er of 7.
E xperim ental
Plant material
Chandonanthus hirtellus (Web.) M itt. ssp. giganteus (Steph.) Vanden Berghen was collected in S eptem ber 1991 in Zaire, on Mt. K ahuzi, altitude 3200 m, K ahuzi-Biega N ational Park. It was id e n tified by Prof. D r J.-P. Frahm , Bonn. V oucher spec im ens are deposited in the herbarium S A A R , no. 5170, Saarbrücken.
Plagiochila asplenioides was collected in N o vem ber 1995 on rocks in a forest (altitude ca. 450 m) near B irresborn (Eifel, R hineland-P alatinate), G erm any. V oucher specim ens are deposited in the herbarium SA A R , no. 5457, Saarbrücken.
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Extraction and isolation C handonanthus hirtellus ssp. giganteus 140 g of cleaned, air-dried gam etophytic m a te r ial w ere ground in a blendor and p reex tracted x4 w ith 1 2 0 0 ml C H 2 C12 to rem ove lipophilic com pounds, followed by extraction 6 tim es with 1200 ml 80% aq. M eO H . This crude extract was p refractio n ated by vacuum liquid chrom atography (V L C ) on R P 18 (H 2 0 -M e 0 H -g ra d ie n t) to yield tw o m ajor fractions (fr. 1: eluted with 2 0 -4 0 % aq. M eO H ; fr. 2: eluted with 7 0 -9 0 % aq. M eO H ). 
Plagiochila asplenioides
750 g of cleaned, air-dried gam etophytic plant m aterial w ere ground in a blendor and extracted 8 tim es with 5000 ml C H 2 C12. The terpenoids w ere isolated using standard procedures like CC on S ephadex LH-20, V L C on silica gel and R P 18, and prep. H P L C on silica gel, diol, and R P 18 respectively as m entioned in K raut et al. (1997) . Yields: 4: 12 mg; 5: 11 mg; 6 : 17 mg. 5, 181.3, 166.6, 163.9, 161.3, 158.7, 157.4, 156.4, 149.6, 148.5, 145.7, 144.6, 123.8, 121.6, 120.1, 118.9, 118.3, 116.1, 114.0, 113.3,108.3,106.1, 103.4,102.8, 98.6, 93.5, 93.3. For com parison see M arkham et al. (1988) and Seeger et al. (1992) 
C hrom atography
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